The supplementary eye field (SEF) is located at the dorsal edge of the frontal lobe in monkey. The only thing that was clear when it was discovered some 20 years ago was that the SEF is involved with eye movements (saccades and pursuit). But to do what? In which circumstances? And how? In the present study, Shichinohe et al. (2009) focus on ocular pursuit and, to study it, while recording with a microelectrode in the SEF, present a sort of ''video game'' to monkeys. They are shown three successive displays separated by two blank screens (the purpose of the blank screens is to check what the monkey has kept in memory from the preceding display). In the first display (see their Figure 1A ), random dots move together, either left or right. As the dot panel disappears, the monkey must remember two features of what he saw: the uniform color of the dots and the direction of their movement. Next, the dots appear again, but this time they don't move. If their color has changed, the monkey must keep fixating on the central point (like a red traffic signal, the instruction is: don't move). If the color is the same, the monkey will have to move his gaze. After another blank screen, the point of fixation divides itself into three dots: one remains at the center, two fly apart, symmetrically, left and right. Now comes the action part: the monkey has three choices. He can do nothing (as instructed if the color of the dots has changed); otherwise, with his eyes, he can pursue one of the dots if it moves slowly or make a saccade to one of them if it jumps abruptly. But, in any case (pursuit or saccade), the direction of the eye movement should match that of the initial random dot displacement. If the monkey has followed all the rules, he is then rewarded.
It may help to keep in mind such a brief sketch of the experimental scenario when reading the paper by Shichinohe et al. The authors have so many important details to add when reporting their experiment that readers may sometimes feel at a loss (no surprise: monkeys needed 6-8 months to learn the task!). The objective of the research is to reveal functionally different types of neuronal activity. As the task unfolds, neurons become activated at one or several stages: (1) when the dots move; (2) after they have disappeared; (3) when the unchanged color of the dots indicates that an eye movement will be permitted; (4) when the pursuit occurs. Theoretically, these stages correspond to seeing the dot motion, keeping the motion direction in memory, preparing for an authorized pursuit, and actually performing the pursuit. Activation can also occur (5) with saccades and (6) with the instruction not to move (no-go signal).
What did we learn? Didn't we know already about all these types of neuronal activity from previous work? The important point, if we want to explain how the brain decides to do something particular on the basis of logical rules, is to check whether all the necessary logical decision components are gathered in a particular structure. Then you learn that the necessary information is getting there. You may not know (yet) how it got there or whether or not it is used. But the observed neuronal activity, as revealed in a particular task, is exactly what an electrical engineer (in his hardware) or a programmer (in his software) would need to build something to perform the task at hand. It is by studies like this that we shall be able to reconstruct the algorithms that the brain uses.
In this respect, the authors make the interesting observation that units active with saccades were not always active when tested in a simple visually guided saccade task. In other words, the scenarios to which the units seem to collaborate may be quite specific.
This brings up a related question: were the unit characteristics described in this paper pre-existing, or did they develop by experience (for instance, by training, Mann et al., 1988; Chen and Wise, 1995) ? SEF neuronal activity has been studied in other experimental situations quite different from the present one. Here are just three examples. In the first, the stimuli were two identical dots. Therefore, the monkey could not rely on any visual difference to decide on which one he should focus his gaze. This information was given to him by the order of trials. In such a task, Lu et al. (2002) found SEF active according to the sequence of stimulus presentations. The second example is that of SEF presaccadic neurons active in antisaccades (Schlag-Rey et al., 1997) . In this task, the monkey should refrain from looking at the visual target but, instead, points his gaze to a blank site symmetrically opposed to the target. The third example is that of SEF pursuit neurons active only if the target is going to cross a particular field (Heinen and Liu, 1997) . All three types of performance are sophisticated but very different. Monkeys take a long time to learn them. One wonders if, after training, any cell type, as described by Shichinohe et al., would play a similar role or could be assigned a different one in the scenarios of the other three experiments just mentioned.
This study also astutely includes some additional tests. Such is the attention paid by the experimenters to error trials, i.e., trials in which the monkey made the wrong decision and the activity of the cells can explain the misperception that led to the error. Another close example is the use of 0% correlation in setting the motion direction of the random dots, a condition that leaves the monkey completely free to decide what movement he has seen. This study is probably the first one using muscimol in an attempt to impair SEF function in a task involving visual pursuit. In contrast to surgical lesions, the blockage of function induced by an injection of muscimol remains temporary. Compensation does not occur immediately. This allows the authors to witness pursuit deficits specifically attributable to SEF impairment.
More generally, it may be worth considering what single-unit analysis, as exemplified by Shichinohe et al., can offer when compared to modern techniques of brain imaging. Very likely, the presence of any of the active types of neuron described by these authors would be sufficient to illuminate the SEF region. This illumination would thus indicate that this region is involved in the task, but it would not tell us why or how it is involved. Brain imaging is usable in humans. It also has the advantage of marking all regions that are involved, at least at some stage, in the execution of a task. In contrast, microelectrode unit recording focuses on a single region, but it exposes with high resolution the details of how it operates. The combination of these two approaches is giving us a formidable tool to understand the brain.
In this issue of Neuron, Boorman and colleagues shed new light on the roles of lateral frontopolar and ventromedial prefrontal cortices in task switching and decision making. So goes the fable of Aesop, versions of which have been transmitted around the world for over 2500 years. Indeed, a bird in the hand is worth two in the bush-unless, perhaps, the probability of catching the birds in the bush is very high. In a dynamic environment, it is adaptive to monitor the possible outcomes associated with alternative courses of action and to update our behavior accordingly.
In the current issue of Neuron, Boorman, Behrens, Woolrich, and Rushworth provide compelling evidence for a neural mechanism by which this monitoring of alternative outcomes relative to current outcomes, and the subsequent updating of behavior, can occur (Boorman et al., 2009) . In particular, they show that our brains can keep track of the mounting evidence in favor of an alternative course of action, and that-when strong enough-this signal leads to a switch in behavior. The evidence favoring a switch to an alternative choice is tracked by lateral fronopolar cortex (FPC), and this information appears to be transmitted to the inferior parietal sulcus area (IPS) and ventral premotor cortex (PMv) in advance of a behavioral switch. By contrast, the immediate relative value of the current choice is encoded by ventromedial PFC (vmPFC).
The approach of Boorman and colleagues was to combine a very simple decision-making task with sophisticated mathematical modeling and functional magnetic resonance imaging (fMRI) in humans. Participants selected one of two responses (a left or right button press) on every trial. The potential reward for each option was shown, and these rewards varied randomly from trial to trial. The probability of reward for each option was unknown but could be estimated
